A Gram-staining-negative, strictly aerobic, non-spore-forming, rod-shaped bacterium, designated WG4 
some unique physiological and biochemical characteristics, such as being negative for gelatin hydrolysis, and valine arylamidase and a-glucosidase activity, and positive for acid production from cellobiose. Based on the differentiating phylogenetic inference and biochemical data, strain WG4
T represents a novel species, for which the name Chryseobacterium montanum sp. nov. is The genus Chryseobacterium (family Flavobacteriaceae, phylum Bacteroidetes) was first described by Vandamme et al. (1994) with Chryseobacterium gleum as the type species, and later, this genus was emended by Tai et al. (2006) , Weon et al. (2008) and K€ ampfer et al. (2009) . At the time of writing, the genus Chryseobacterium consists of 94 species (http://www. bacterio.cict.fr/c/chryseobacterium.html), which have been isolated from various environments such as soil (Tai et al., 2006; Park et al., 2013) , water (Kim et al., 2005; Yoon et al., 2007; Strahan et al., 2011 Strahan et al., ), compost (K€ ampfer et al., 2010 , rhizosphere (Park et al., 2006) , moss (Chen et al., 2015) and blood (K€ ampfer et al., 2009) .
During a process of analysing the bacterial community of the soil of Tianmen Mountain, samples were collected on the peak of the mountain (29 03¢ 5.96 † N 110 28¢ 51.59 † E, elevation 1.5 km) in the Zhangjiajie Nature Scenic Reserve in Hunan province, PR China. The soil sample was serially diluted in 0.9 % (w/v) NaCl, spread-plated on LB agar plates and incubated at 28 C for 1 week. In order to acquire a pure culture, strain WG4
T was obtained after several subcultivation cycles on LB medium at 28 C for 2 days. The strain was stored in glycerol (25 %, w/v) at À80 C.
Preparation of genomic DNA was carried out according to the method of Marmur et al. (1961) . The nearly full-length 16S rRNA gene of strain WG4 T was amplified using universal primers 27F and 1492R as described by Fan et al. (2008) . The PCR product was purified and cloned into the pGEM-T vector (Promega). The cloned products were then sequenced using primers T7 and SP6 to generate a nearlycomplete 16S rRNA gene sequence (1477 bp). The 16S rRNA gene sequence of strain WG4
T was aligned with the sequences from the GenBank database and EzTaxon-e server (Kim et al., 2012) using the CLUSTAL X program (Thompson et al., 1997) . Neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-parsimony (MP; Fitch, 1971) and maximum-likelihood (ML; Felsenstein, 1981) trees were reconstructed using MEGA version 5.0 software (Tamura et al., 2011) . Bootstrap analysis with 1000 replications was conducted to obtain confidence levels for the branches (Felsenstein, 1985 using an algorithm of the Kimura 2-parameter model (Kimura et al., 1980 (Kim et al., 2004; K€ ampfer et al., 2009) . The NJ (Fig. 1 T was obtained from Dr Mario Vaneechoutte. All the reference strains were cultivated at 28 C for 2 days on LB medium unless otherwise mentioned.
The morphological and physiological characteristics of strain WG4
T were investigated with cells cultivated at 37 C for 2 days on LB medium unless otherwise mentioned. Gram-staining was tested using a Gram-staining kit (Jiancheng Biotech) according to the method of Dussault (1955) . Cellular morphology was observed by transmission electron microscopy (H-7650; HITACHI), and the result is shown in Fig. S1 (available in the online Supplementary Material). Growth at different temperatures (0, 4, 10, 15, 20, 25, 28, 35, 37, 42, 45 C) and different pH values [at 1 pH unit intervals, adjusted by using 0.1 M citric acid/0.2 M Na 2 HPO 4 (pH 4.00), 0.2 M Tris/0.2 M HCl (pH 8.00) and 0.05 M NaHCO 3 /0.1 M NaOH (pH 10.0)] was measured in LB broth. The pH was adjusted prior to sterilization and measured again after sterilization. Salt tolerance was assessed in 0-5 % (w/v) NaCl (at 1 % intervals) after 1 week of incubation at 37 C in LB medium. Growth under anaerobic conditions was determined after incubation in an anaerobic chamber (Mitsubishi Gas Chemical) on LB agar. Gliding motility was observed by the hanging-drop technique (Bernardet et al., 2002) . Oxidase activity was assessed by oxidation of N,N,N¢,N¢-tetramethyl-p-phenylenediamine dihydrochloride (Sigma-Aldrich), and catalase activity was determined by production of bubbles with 3 % H 2 O 2 . Hydrolysis of casein, gelatin, starch, cellulose, and Tweens 20, 40, 60 and 80 was determined as described by Cowan &
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Chryseobacterium aquaticum 10-46 T (AM748690) Steel (1965) . Production of indole and hydrogen sulfide, and sole carbon and energy source utilization were determined as described by Dong & Cai (2001) . Production of flexirubin-type pigments was determined with aqueous 20 % KOH solution (Fautz & Reichenbach, 1980; Bernardet et al., 2002) . Carotenoid pigments were extracted and measured according to the method of Peterson et al. (1954) . Other biochemical and enzyme activities were determined (Kim et al., 2004) . +, Positive; À, negative; (+), weakly positive. Characteristics which were positive for all four strains are acid production from glucose and maltose, production of indole and methyl red test, and activities of catalase, oxidase, alkaline phosphatase, esterase lipase C8, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Propionic acid can be hydrolysed by all strains. All strains are negative for nitrate reduction and production of H 2 S and flexirubin pigments, acid production from mannitol, sucrose, sorbitol, galactose, arabinose, trehalose, xylose and ribose. Cellulose, L-arginine, N-acetylglucosamine, D-ribose, inositol, itaconic acid, sodium malonate, lactic acid, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, D-mannitol, salicin, melibiose, D-sorbitol, valeric acid, trisodium citrate, L-histidine, potassium 2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid, L-proline are not assimilated, and Tween 40, Tween 60 and aesculin cannot be hydrolysed by any of the strains. All strains are negative for a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetylglucosaminidase, a-mannosidase and urease activities. NaCl range for growth (%, w/v) 0-3 0-3 0-2.5 0-3 pH range for growth 6-9 6-9 6.5-10. T differed from the closely related strains by being negative for gelatin hydrolysis, and valine arylamidase and a-glucosidase activities, and positive for acid production from cellobiose (Table 1) .
For fatty acid analysis, the strains were cultivated in LB at 28 C on a rotary shaker at 150 r.p.m. The physiological age of strain WG4
T and the reference strains was standardized until the cells reached the exponential phase as described by Sasser (1990) , and then the fatty acids were extracted and methylated (Ben-Ze'ev et al., 2005) . The cellular fatty acid profiles were analysed by gas chromatography using the Sherlock Microbial Identification System (MIDI) and identified using the TSBA6 database of the Microbial Identification System (Kroppenstedt, 1985; Sasser, 1990) . The fatty acid profiles of WG4 T and the closely related strains are shown in Table 2 . The results showed that the main fatty acids of WG4
T were iso-C 15 : 0 (32.4 %), anteiso-C 15 : 0 (21.8 %) and iso-C 17 : 0 3-OH (17.2 %), which are very similar to those of the reference strains and the other members of the genus Chryseobacterium (i.e. iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 17 : 1 !9c; Tai et al., 2006; Weon et al., 2008; K€ ampfer et al., 2009; Wu et al., 2013; Kim et al., 2004; Chen et al., 2015) .
Polar lipids of strain WG4
T were examined by two-dimensional TLC using lyophilized cells (Minnikin et al., 1979; Collins & Jones, 1980 ) (DSMZ). The polar lipids of strain WG4
T were phosphatidylethanolamine (PE), three unidentified lipids (L) and two unidentified aminolipids (AL) ( 
Isoprenoid quinones of strain WG4
T were extracted from lyophilized cells and analysed by HPLC (Collins et al., 1985; Kroppenstedt 1982 ) (DSMZ). The menaquinones of strain WG4
T consisted of MK-6 (98 %) and MK-5 (2 %). MK-6 is reported as the major quinone of the members of the genus Chryseobacterium (Tai et al., 2006; Weon et al., 2008; K€ ampfer et al., 2009; Wu et al., 2013; Kim et al., 2004; Chen et al., 2015) .
The DNA G+C content of the novel isolate was determined from freeze-dried cells and detected according to the reverse-phase HPLC method (Tamaoka & Komagata, 1984) (DSMZ). The DNA G+C content of strain WG4 T was 37.7 mol%, which is within the range of the genus Chryseobacterium (29-39 mol%) (Vandamme et al., 1994; Bernardet et al., 2011; Park et al., 2013; Chen et al., 2015) .
For further genotypic analysis, high molecular mass genomic DNA was extracted as described by Pitcher & Saunders (1989) . DNA-DNA hybridization was performed using the thermal denaturation and renaturation method of Ezaki et al. (1989) (Guangdong Detection Center of Microbiology). The relatedness values of DNA-DNA hybridization between strain WG4
T and the closely related strains C. anthropi NF 1366 T and C. haifense DSM 19056 T were 63.3 % (±1) and 62.7 % (±2), respectively. These values are below the threshold value of 70 % recommended for species delineation (Huss et al., 1983; Wayne et al., 1987) .
On the basis of phylogenetic inference, and genomic and phenotypic evidence, it is concluded that strain WG4
T represents a novel species of the genus Chryseobacterium, for which the name Chryseobacterium montanum sp. nov. is proposed. Cells are Gram-staining-negative, strictly aerobic, nonspore-forming, non-motile, rods about 0.7-1.2 µm long and 0.4-0.6 µm wide. Colonies are circular with regular edges, convex, moist, smooth and 2.0 mm in diameter after 3 days of cultivation at 37 C on LB agar. Flexirubin-type pigment is not formed, but carotenoid pigment is produced. Growth occurs at 4-42 C (optimum 37 C) and pH 6.0-9.0 (optimum pH 7.0). Growth occurs in LB supplemented with 0-3 % (w/v) NaCl (optimum 0-1 %). Catalase-and oxidase-positive. Starch and Tween 20 can be hydrolysed, but gelatin, aesculin, cellulose, casein, Tween 40, Tween 60 and Tween 80 cannot. Positive for indole production and methyl red test, but nitrate reduction and production of H 2 S are negative. Acid production from mannose, cellobiose, lactose, glucose and maltose, but not from mannitol, fructose, sucrose, sorbitol, galactose, arabinose, trehalose, xylose and ribose. For the enzyme activities (API ZYM and part of API 20NE), positive for alkaline phosphatase, esterase C4, esterase lipase C8, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase C14, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase, N-acetylglucosaminidase, a-mannosidase, a-fucosidase and urease activities. For the utilization of carbon sources (API ID 32GN), maltose, sodium acetate, L-alanine, glycogen, L-fucose and propionic acid are assimilated, the rest of the tests are not assimilated. The major fatty acids (>15 %) are iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 17 : 0 3-OH. The menaquinones are MK-6 (98 %) and MK-5 (2 %). The major polar lipids are phosphatidylethanolamine, three unidentified lipids and two unidentified aminolipids. The DNA G+C content of the type strain is 37.7 mol%.
The type strain is WG4 T (=KCTC 52204 T =CCTCC AB 2016058 T ), isolated from soil on the peak of Tianmen Mountain in Zhangjiajie Nature Scenic Reserve, Hunan province, PR China.
